Abstract-This paper addresses the problem of posture stabilization for a wheeled mobile robot with nonholonomic constraints. Due to the richness of mappings from sensor space to actuator signal space and the complexity of system and environment modeling, it becomes particularly difficult to select an appropriate control law for the posture stabilization problem. In this paper, we propose a novel approach based on Motion Description Language (MDL) for this problem. The method decomposes the control task into a finite collection of reactive behaviors and generates different control procedures through concatenation operation of predefined motion atoms. Each symbolic string defines an expected behavior while a complex control task can be achieved by combining several symbolic strings. As an illustration, parking problem of the wheeled mobile robot with nonholonomic constraint is studied and simulation results demonstrate the effectiveness of this method.
I. INTRODUCTION
In recent years, there have been great deals of researches on the control of wheeled mobile robot. Most of these works have been concentrated on trajectory tracking and posture stabilization problems. The trajectory tracking problem is to design a control law which makes a mobile robot follow a given trajectory [1] - [4] . In [6] , the tracking problem was settled by using a linear control design method. The problem of posture stabilization is to stabilize the robot to a desired final posture starting from any initial posture. Such posture stabilization problem is more difficult than the tracking problem in that nonholomomic system with more degrees of freedom than control inputs cannot be stabilized by any static state feedback control law. In order to solve the posture stabilization problem, nonlinear control design method and dynamic feedback linearization method were adopted respectively in [7] and [8] . Samson proposed a time-varying controller for posture stabilization [5] . Several other control techniques have been also developed such as discontinuous feedback, and piecewise smooth feedback.
A few years ago, chained form systems have been introduced to model the kinematics of nonholonomic mechanical systems. Many researchers have focused on the control of such system for posture stabilization. Samson [5] proposed an improved time-varying feedback control for such system and applied it to the control of posture stabilization for a car-pulling trailer again. Murray [6] proposed a method for open-loop steering of nonholomonic systems by using sinusoidal inputs which are optimal input form in chained system. Open-loop strategies are to seek a bounded sequence of control inputs to steer the mobile robot from any initial posture to any other arbitrary configuration [6] - [10] .
Generally, control methods for posture stabilization mentioned above were designed based on a precise model of the system and the environment. However, modeling obstacles as constraints in the configuration space and then designing control laws is a complex problem. In addition, deriving control laws for limited range sensors with imperfect and uncertain information poses additional problems. So in many cases of interest, physically accurate models of the dynamics of many mobile robot systems of practical interest do not possess the required properties for direct application of most of the above-mentioned techniques.
When humans instruct each other how to carry out particular tasks, only a limited number of tokenized instructions are used. In contrast to this, classic control theory specifies a control action to be carried out at each time instant [16] [17] [19] . But, in a number of applications, such as robot systems, intelligent appliances, and communication constrained embedded and/or teleoperated devices, the control procedures have a natural, linguistic flavor.
A new and promising direction of research in the control method is centered on the purposeful introduction of state and/or control quantization in the design of control systems [4] - [7] . The purpose of quantization is, in general, a reduction of the complexity of the control task, which is decomposed into so called motion primitives. In this paper, instead of quantizing time, the state, or the control input values, we select a finite number of state and control trajectories and combine them to generate more complex behaviors.
Hence there is a need for a structure that can capture and integrate features of both modern control-theoretic techniques and reactive methods.
Brockett [11] - [14] first introduced motion description language (MDL) as a structure used in computer controlled devices which interact with their environment. MDL was later extended to MDLe, or extended MDL in [13] - [18] . In [15] , the concept of maneuver was derived from MDL. The major characteristic of MDL-based method is that that control commands adopt the symbol form; the controller needs only to issue symbolic commands to a control system based on information about its current state, desired state and the environment it is operating in [14] . Each one of symbolic commands corresponds to one basic behaviour of wheeled mobile robot.
From this standpoint, this method is universally applicable solution to the control of wheeled mobile robot for posture stabilization. This paper is organized as follows Section describes the structure for MDL-based motion control approach and MDL model based on event-based planning and control theory. Section addresses the MDL-based posture stabilization control method for wheeled mobile robot in detail. Simulation experiments are made in Section . Finally, a concluding remark is given in Section .
II. STRUCTURE FOR MDL-BASED MOTION CONTROL APPROACH
This part elaborates in details the structure for MDL-based control approach and the tailored motion description language model.
A. Structure for MDL-based Control Approach
The MDL-based control structure is illustrated in Fig. 1 . The left end of the structure is the planner where control programs are constructed based on the MDL alphabet. The robotic system is treated as a kinematic state machine. A kinematic state machine can be driven as a quintuple
where U is the input space, X and Y represent the state space and output space respectively, G is a matrix whose entries depend on x , and :
transforms input space to output space. In this framework the robot can be represented as
where u , x , y and v are vector-valued functions of time, h and k are maps between vector spaces. Since motion commands are abstract symbols, the interpreter in Fig. 1 takes the role of accepting motion atoms at a lower frequency and executing it at a higher, fixed frequency. It is obvious that as long as the robot is equipped with an MDL interpreter, a single motion program can be executed on robots with different hardware [4] [10] [13] .
B. MDL Model Based on Event-based Planning and Control Theory
In traditional motion description model, motion programs take the form of motion atom strings. When executed, motion atoms will be selected one after another and there is no skipping on atom string. As a result, this causes great inflexibility. When the condition to execute a particular atom string is not satisfied, atoms left will be discarded and planning should be made once again. In view of these factors, we define the atom of motion description language as a triple ( ) , , 
) ( 
III. MDL-BASED POSTURE STABILIZATION FOR WHEELED MOBILE ROBOT WITH NONHOLONOMIC CONSTRAINTS
This part elaborates the control problem of posture stabilization for wheeled mobile robot between two locations. Suppose that the robot will be controlled to move from any point to the origin while its attitude angle should be 0 in the end. The wheeled mobile robot described in Fig. 2 , (13) According to atoms defined above, the motion alphabet used to control the wheeled mobile robot can be obtained
Given alphabet ¦ , * ¦ , which is used to denote the set of strings of finite length over ¦ , can be obtained. A kind of language L which can be used to stabilize the mobile robot is a subset of }   1  1  1  2  2  2  3  3  3   2  2  2  1  1  1  3  3  3   3  3  3   |  , ,  , 
IV. SIMULATIONS
Simulation results on the posture stabilization for the robotic system (3) are given as follows. Related parameters are set as follows:
From Fig. 3 and 4 , the motion atom ( ) Fig. 7 and Fig. 10 confirm that the MDL-based method works well in both cases. Fig. 8 and Fig. 11 represent control input v and γ while Fig. 9 and 12 represent the trajectory of state variable x , y andθ in two cases.
From these figures, it is obvious that an atom string containing only three motion atoms can be used to control the wheeled mobile robot to move from initial posture to the ideal posture. The particular string is ⋅ ) , , (
However, the atom sequence executed in the parallel parking is 
The reduction in string length should mainly own to the introduction of event trigger function i δ . This problem of posture stabilization has been regarded as very difficult since nonholonomic systems with more degrees of freedom than control inputs cannot be stabilized by any static state feedback control law. In this paper, the control problem of posture stabilization for the wheeled mobile robot is accomplished using a MDL-based controller. MDL-based control approach can make the control commands take the form of symbols, which reduces the complexity of modeling system precisely and control tasks. Simulation results confirmed that the MDL-based control method can control a wheeled mobile robot to a desired point.
